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Presenter
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Thanks for taking time from you schedules to listen.  I want to tell you all about the NCCPI, which I have been working on for a while.  I hope that you have had a chance to look at some of the maps that made their way to your meeting.



NCCPI
• A need exists to be able to array soils nationwide on the 

basis of their inherent productivity

• The National Commodity Crop Productivity Index uses 
the soil survey database (NASIS) to assess relative soil 
productivity

• NCCPI is not intended to replace state crop indices

• NCCPI is currently for dryland agriculture
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As Ray has mentioned, we undertook this task because many groups need this information.  RMA (Risk Management Agency) and ERS (Economic Research Service) are interested in this model.  There is a need to be able to equitable assign potential productivity levels to soils across large geographic areas.  Several assumptions are implied.  First, it seems backward to use the yield data, which is thought to be suspect, to develop the model.  It is assumed that the yield differences will even out and that when a large number of soil components (2000 or 3000) are analyzed, the averages will be meaningful.

The decision to use just the soil survey database has taken some flak.  In my opinion, the flexibility of owning all the input data, the convenience of having it all in one place, and the rapidity at which we can produce consistent output outweighs any shortcomings. 

The interpretations generator uses fuzzy logic based models to predict soil responses.  These models are empirical, based on observation.  The data used is extracted from the soil survey database.  I talked to a delegation of folks from China two weeks ago.  They are working on a productivity index which also uses fuzzy logic.



Outline

• NCCPI development process 

• Data used by NCCPI

• NCCPI products

• What is next?
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If you have any questions, please ask.  



NCCPI Model Development Process

• Select test datasets

• Query for soil properties versus yield

• Plot properties versus yield

• Develop fuzzy sets in NASIS

• Develop rules in NASIS

• Integrate rules

• Test NCCPI versus yield

• Field test, GIS products
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Select test datasets

• Test datasets are selected soil survey areas that 
represent the geographic domain of where a crop is 
grown

• At least 100 survey areas per dataset, usually around 
10,000 components, usually 1/3 have a yield listed

• Two datasets for each crop
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I use several test datasets which are composed of soil survey areas in the regions where the dryland crop of interest is grown.  I targeted more recently correlated legends.  The test datasets contain 100 to 120 soil survey areas representing the geographic extent of where that crop is grown without irrigation.




Plot Properties Versus Yield
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NASIS export scripts allow me to extract the soil property data that is associated with a particular yield for soil components.

This data is plotted using JMP Statistical Discovery Software from SAS.  

There are two basic questions to be answered.  First – How do crops respond, in terms of yield, to soil, landscape, and climate properties? There are many studies looking at properties like pH and electrical conductivity, the more readily measured properties.  There are fewer studies on the effect of bulk density on yield.  Not many studies have the geographic scope we need, so it is obvious we will have to make our own study, at least to an extent.  The second question is – How do these properties interact and balance one another?   Let  us work on the first question first.  So, here I have selected a test dataset and queried it for AWC versus corn yield.  I have made the scattergram that you see here.  This does not necessarily help too much.




Develop Fuzzy Sets in NASIS
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A major hurdle in developing a fuzzy model is determining the shape of the fuzzy sets.  Here is the method I developed.  A spline curve is fitted to the points on the plot.  The level of splining was adjusted until a reasonable line was established.  The curves for each variable are then used to provide the shape of the respective fuzzy set of that crop for that soil property.   I will explain the process over the next few slides.

A linear fit may be ok, but it does not perhaps fit the data as well as another technique.  The R-square here is about 0.27.  In linear regression, the equation of the line is y=mx+b, where m is the slope.  Here it is assumed to be constant.  But what if in the wild the slope is not constant?



Develop Fuzzy Sets in NASIS
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Like this.  The y=mx+b model does not fit.  The equation of this line is too complex to even worry about.  All we need is the shape.  We get that by using a smoothing spline.

Using a smoothing spline starts to make the graph work like a fuzzy set.  The magnitude of the difference between the yield at the low end of AWC and the high end of AWC gives some idea as to the amount of effect AWC has on yield of corn.  R-square is about 0.29.  The important point is the level at which diminishing marginal returns sets in.  The object of this exercise is to find maxima or minima of yield in relation to soil properties.  I have plots like this for each of the soil properties thought to influence the yield of commodity crops.

We are looking at 3397 observations on this plot.  “Quantity has a quality all it own”.

As of now, the collection of shapes of the fuzzy sets is largely complete.  Water table depths and artificial drainage are the parts of the puzzle being considered now.  The relationships between the variables and their relative weights are also under consideration.



Develop Fuzzy Sets in NASIS
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Membership Value, Alpha, Fuzzy number on Y axis, Soil property on X axis.  The NCCPI Primer shows the general form of most of the fuzzy sets used in NCCPI.



Develop Rules
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Each rule provides the impact or rating and the property giving that rating, for example  “0.95 AWC”.

Lets now move into how these properties interact.  Several evaluations go into this subrule.  The evaluation returning the lowest AWC is used.  This shows the effects of several kinds of limiting zones on rooting depth, volume really, and AWC.



Integrate Rules
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The RZ AWC is a part of the ability of soil, landscape, and climate to supply water for crop growth.  The four components are added together.
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The water supplying subrule is in turn a part of another model or subrule.  Some features are handled as crisp variables because they are not continuous, not well-quantified,  or are subjective in their extent or impact.  These are features such as erosion, rock outcrop, and channeling.  Some crisp attributes are positive, such as loess.

The subrule results are multiplied together as in the Storie Index.  Other options are an additive model or a subtractive model.  Since everything seems to interact, statistically, using what would be the interaction term of a regression equation seems to make sense.  In NCCPI, some variables defy a fuzzy relationship with yield.  These variables are handled additively or subtractively.
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Small grains requirements differ from corn.



Presenter
Presentation Notes
Cotton has its own soil, landscape, and climate requirements.
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This is a graphical representation of the main rule.  The “OR” means that we will use the highest value




Test NCCPI Versus Yield
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The model is then run and the results regressed against yield.  Model parameters adjusted and then run again.  The process is quite iterative at this level.  I test against the other test datasets as well as entire states and any counties I might want to examine. 




Field Test 

• Responses from 35 states

• Many suggestions incorporated into the model

• Also have maps to examine to evaluate the model
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People in State and Field offices have been providing excellent feedback.  Parts of other crop yield models are assimilated in a Borg-like fashion



Data Used by NCCPI – Physical

• Root Zone Available Water Holding Capacity

• Bulk Density

• Saturated Hydraulic Conductivity

• LEP (Shrink-Swell)

• Rock Fragment Content

• Rooting Depth

• Sand, Silt, and Clay Percentages



Data Used by NCCPI – Chemical

• Cation Exchange Capacity

• pH

• Organic Matter Content

• Sodium Adsorption Ratio

• Gypsum Content

• Electrical Conductivity



Data Used by NCCPI – Landscape

• Slope Gradient and Shape

• Ponding Frequency, Duration, and Timing

• Flooding Frequency, Duration, and Timing

• Water Table Depth, Duration, and Timing

• Erosion

• Surface Stones

• Rock Outcrop



Data Used by NCCPI – Climate

• Mean Annual Precipitation

• Mean Annual Air Temperature

• Frost Free Days

• Major Land Resource Area

• Soil Temperature Regime (Soil Taxonomy)
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Not necessarily the best suite of data for agricultural climate, but it is available in the database.

MLRA is needed to pick up the Mediterranean climate for wheat growth.



NCCPI Products

• Main product is the array of the soils

• A yield can be derived from the index if a given level of 
management is assumed

• Results can be aggregated over map units and linked to SSURGO 
spatial data for mapping, some maps available, index is available for 
most of USA

• Since the relation of yield to properties is known, we can estimate 
the impact of a change (better or worse) in the modeled variables

• Useful for dynamic soil properties and soil quality



What is Next?

• Refining the balance between the effects of properties

• Refining the indexing of scores between crops

• Building a report structure to allow selection of irrigated 
or non-irrigated crop systems

• Adding crop modules as needed

• If a state makes substantial changes to a soil survey area 
database, the index may change, we can re-run
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The current set of runs are not cast in stone.  If you find a component where there is a fat-finger or other sort of peculiarity in the data, we can run that area again.


